p-Thiophenylalanine-induced DNA cleavage and religation activity of a modified vaccinia topoisomerase IB.
Vaccinia DNA topoisomerase IB is the smallest of the type IB topoisomerases. Because of its small size (314 amino acids) and target site specificity (5'(C/T)CCTTp(↓) sites), it constitutes an excellent model for studying the interaction of type IB enzymes with duplex DNA. In this study, p-thiophenylalanine was incorporated into the enzyme active site (position 274) by in vitro translation in the presence of a chemically misacylated tRNA. The modification, which resulted in replacement of the nucleophilic tyrosine OH group with SH, retained DNA topoisomerase activity and did not alter the DNA cleavage site. However, the modified topoisomerase effected relaxation of supercoiled plasmid DNA at a rate about 16-fold slower than the wild-type enzyme. The thiophenylalanine-induced DNA cleavage rate (k(cl) = 1 × 10(-4) s(-1)) was 30 times lower than for the wild-type enzyme (k(cl) = 3 × 10(-3) s(-1)). In contrast, thiophenylalanine-induced DNA religation was faster than that of the wild-type enzyme. We propose that the change in kinetics reflects the difference in bond energies between the O-P and S-P bonds being formed and broken in the reactions catalyzed by the wild-type and modified enzymes. We also studied the effect of adding Mg(2+) and Mn(2+) to the wild-type and modified topoisomerases I. Divalent metal ions such as Mg(2+) and Mn(2+) increased DNA relaxation activity of the wild-type and modified enzymes. However, the pattern of increases failed to support the possibility that metal ion-heteroatom interaction is required for catalysis.